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In situ synthesis of natural rubber latex-supported
gold nanopart icles for flexible SERS substrates†
Jinlong Tao,a Dongning He,ab Bin Tang,*cd Lingxue Kong,c Yongyue Luo,a
Pengfei Zhao,a Wei Gonga and Zheng Peng*a
Natural rubber latex (NRL) from Hevea brasiliensis was used as a matrix to synthesize gold nanoparticles
(AuNPs), leading to an organic– inorganic hybrid latex of NRL- supported AuNPs (AuNPs@NRL). The in situ
and environmentally friendly preparation of AuNPs in an NRL matrix was developed by thermal treatment
without using any other reducing agents or stabilizers because natural rubber particles and non- rubber
components present in serum can serve as supporters for the synthesized AuNPs. As a result, the
nanosized and well- dispersed AuNPs not only are decorated on the surface of natural rubber particles,
but also can be found in the serum of NRL. The size of the AuNPs presented in NRL matrix can be
controlled by adjusting the concentration of NRL. Furthermore, the flexible surface- enhanced Raman
scattering (SERS) substrates made from the AuNPs@NRL through vacuum filtration presented good
enhancement of the Raman probe molecule of 4- mercaptopyridine and outstanding SERS
reproducibility. The capability of synthesizing the bio- supported nanohybrid latex provides a novel green
and simple approach for the fabrication of flexible and eﬀ ective SERS substrates.
1 Introduction
Polymer–noble metal nanocomposites, particularly those asso-
ciated with gold and silver, have attracted signicant attention
in the elds of optoelectronics,1,2 biomedicine3 and catalysis4
due to their novel mechanical,5 electronic6 and chemical7
properties by combining polymer and noble metal nano-
particles (NPs). Natural rubber (NR), as a natural polymer
product made from natural rubber latex (NRL) collected from
natural rubber trees, possesses excellent properties such as
elasticity, insulation, impermeability and plasticity, which no
other materials can oﬀ er. Gold or silver NPs are excellent
materials used in surface enhanced Raman scattering (SERS)
substrates as an active layer for the enhancement of the Raman
signals of the molecules by the amplication of the electric eld
when the analyte is placed near an illuminated nanostructured
metallic surface.8,9 SERS has been employed as an ultrasensitive
technique to identify and quantify the analytes, ranging from
small molecules to proteins of large size.10 However, studies
have been focused on the conventional fragile solid SERS
substrates, such as glass, quartz slides or silicon wafers. Flexible
SERS substrates are expected to play an important role in next-
generation sensing devices because of the advantages such as
low cost and good processability.
Compared to the exible SERS materials reported in litera-
ture, such as paper, nanobers, poly(methylmethacrylate)
(PMMA),11,12 polyethylene terephthalate (PET),13 carbon nano-
tubes and graphene,14 NRL as a renewable resource may become
a new powerful candidate for exible SERS substrate owing to
its outstanding elasticity. Recently, there are a few reports on
noble metal NPs and NR. Abu Bakar et al.15,16 described that NR
lm containing silver nanoparticles can be fabricated by
photoreduction with NRL or polyvinylpyrrolidone-graed NRL.
Rathnayake et al.17 reported the synthesis of nano-silver by
incorporating solid natural rubber latex foam using sodium
citrate. Cabrera et al.18 deposited AuNPs on the NR membranes
by heating aer immersion in gold chloride solution . The NR
lm was made by casting latex on the glass and annealing for 10
h at various temperatures. These studies on NR and noble metal
NPs were mainly focused on the preparation of the hybrid lm.
However, additional steps, more time or hazardous chemical
reagents were required for the preparation of NR membranes
incorporating noble metal nanoparticles. Moreover, the as-
synthesized noble metal nanoparticles readily aggregated on
the surface of the NRlm. Compared with the NRL/metallic NPs
membranes, the hybrid latex of NRL-supported metallic NPs is
easily processed and can be combined with other materials,
resulting in a greater number of multifunctional hybrids for
aChinese Agricultural Ministry Key Laboratory of Tropical Crop Product Processing,
Agricultural Product Processing Research Institute, Chinese Academy of Tropical
Agricultural Sciences, Zhanjiang 524001, PR China. E-mail: zpengcatas@126.com
bCentre of Excellence in Engineered Fiber Composites, Faculty of Health, Engineering
and Sciences, University of Southern Queensland, Toowoomba, Australia
cInstitute for Frontier Materials, Deakin University, Geelong, Victoria 3216, Australia
dSchool of Textile Science and Engineering, Wuhan Textile University, Wuhan 430073,
China. E-mail: bin.tang@deakin.edu.au; Tel: +86 61 416 462 459
† Electronic supplemen tary inform ation (ESI) available. See DOI:
10.1039/c5ra05681k
Cite this: RSC Adv., 2015, 5, 49168
Received 31st March 2015
Accepted 19th May 2015
DOI: 10.1039/c5ra05681k
www.rsc.org/advances
49168 | RSC Adv., 2015, 5, 49168–49174 This journal is © The Royal Society of Chemistry 2015
RSC Advances
PAPER
Pu
bl
is
he
d 
on
 0
2 
Ju
ne
 2
01
5.
 D
ow
nl
oa
de
d 
by
 D
ea
ki
n 
U
ni
ve
rs
ity
 o
n 
03
/0
8/
20
15
 0
2:
20
:1
9.
 
View  Art icle Online
View  Journal  | View  Issue
applications in numerous elds. Therefore, it is signicant to
develop facile and green fabrication protocols for hybrid latex
materials based on NRL and metallic NPs to eliminate the use of
potential toxic chemicals.
In fact, various components derived from the plants, such as
protein, sugar and phenolic compounds, have been proven to
be eﬀ ective agents for the reduction or stabilization of noble
metal NPs.19–23 NR contains approximately 5% non-rubber
components, including proteins, carbohydrates and lipids,
which have been considered to be important in the stabilization
of latex particles and in contributing to the outstanding prop-
erties of NR.24,25 Non-rubber components in NR may play new
roles in the formation of hybrid NRL latex containing noble
metal NPs, possibly serving as reducing and capping agents. In
addition to the non-rubber components present in NRL, natural
rubber particles comprise a hydrophobic core predominantly
containing cis-1,4-polyisoprene covered with a continuous
monolayer of phospholipid–protein membrane and the rubber
particles are generally spherical in shape with sizes ranging
between 0.2 and 5 mm.26,27 As a renewable resource, rubber
particles and non-rubber substances present in NRL with
excellent elasticity may be used as exible supporting materials
for noble metal NPs, thus becoming one of the better candi-
dates for the fabrication of multifunctional exible lm.
To the best of our knowledge, there are no reports on one-pot
and in situ synthesis of the hybrid latex based on NRL and
AuNPs and the exploration of its application in SERS. In this
study, a simple and in situ approach for the preparation of
AuNPs@NRL hybrid latex was established through heating an
aqueous solution of HAuCl4 in the presence of NRL. No addi-
tional reducers or capping agents were needed in the prepara-
tion of AuNPs in the NRL matrix. The SERS activity of the
exible substrates based on the hybrid latex of AuNPs@NRL
made by using vacuum ltration with less procedure and time
was evaluated by the 4-mercaptopyridine (4-MPY) probe mole-
cule, and the results indicated that the exible lm exhibited
good enhanced SERS signals for 4-MPY molecules and good
reproducibility.
2 Materials and methods
2.1 Materials
Natural rubber latex (NRL) was supplied by the Qianjin State
Rubber Farm (Zhanjiang, China). NRL was stabilized in
ammonium hydroxide (2% vol). The dry rubber content (DRC)
of the NRL was around 30 wt%. 4-MPY was purchased from
Sigma-Aldrich. HAuCl4$4H2O, ethyl alcohol absolute (AR) and
nitrocellulose membranes were obtained from Sinopharm
Chemical Reagent Co., Ltd. Pure water used in all of the
experiments was purchased from Hangzhou Wahaha Group
Co., Ltd. All the reagents were used as purchased without
further purication.
2.2 Synthesis of the AuNPs@NRL hybrid latex
AuNPs@NRL was prepared through heating, without employing
additional reducing and capping agents. Briey, various
volumes (2, 1, 0.5 and 0.2 mL) of NRL (30 wt%) were added to 99
mL of an aqueous HAuCl4 solution (2.94  104 M) with stirring
at 90 C. The formation of AuNPs was inferred by observable
color changes of the mixed latex. Along with the addition of
NRL, the color of the mixture changed with in 5 min. The
mixtures were stirred for additional 15 min to complete the
reaction.
In the synthesis of the AuNPs@NRL hybrid latex, we xed the
concentration of the HAuCl4 aqueous solution (2.94  104 M)
and adjusted the diﬀ erent volumes of NRL (30 wt%). The
minimum NRL volume (0.2 mL) was used to calculate the yield
of AuNPs in this reaction. The remaining HAuCl4 was separated
from the AuNPs through centrifugation (13 000 rpm for 10 min)
and obtained in the supernatant. Inductively coupled plasma
mass spectrometry (ICP-MS, Agilent, ICP-MS7500) was
employed to determine the content of the remaining HAuCl4.
The yield was calculated according to the following expression:
yield ¼
M  M1
M
(M, the total content of HAuCl4 before the
reaction; M1, the remaining content of HAuCl4 aer the
reaction).
2.3 Synthesis of the AuNPs using the coagulated NRL liquid
from ethanol
To get rid of the inuence of the molecules located on the
rubber particles surface, the rubber particles were separated
using ethanol by coagulation aer ltration. The coagulated
NRL liquid was prepared by adding ethyl alcohol absolute in to
the NRL (30% DRC) and stirring with a glass rod, and the
volume ratio between them was 2 : 1. The coagulated NR and
the coagulated NRL liquid were then separated using a lter
paper. The coagulated NRL liquid without rubber particles was
used to prepare AuNPs. The coagulated NRL liquid (2 mL) was
added to the HAuCl4 aqueous solution (99 mL, 2.94  104 M)
with stirring at 90 C, and the reaction was maintained for 20
min until the color remained stable.
2.4 Fabrication of AuNPs@NRL nanohybrid lm
The hybrid organic–inorganic lm of AuNPs@NRL was fabri-
cated using vacuum ltration. Typically, the as-prepared
AuNPs@NRL hybrid latex (0.054% DRC) was transferred to
suction cups covered by a nitrocellulose membrane and ltered
at room temperature, and the entire preparation process was
completed with in 5 min. A pure NRL lm was also prepared
using the same condition as the control sample.
2.5 Preparation of SERS samples
The prepared AuNPs@NRL nanohybrid lm was used as an
active substrate to enhance the Raman signal of the samples.
The hybrid lms of AuNPs@NRL (0.054% DRC) and pure NRL
were immersed into an aqueous solution of 4-MPY(1  104 M)
for 30 min. The lms were then taken out and rinsed with pure
water to remove the unbound 4-MPY molecules on the surface.
Finally, the lms were dried by using a nitrogen air ow.
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2.6 Characterization of the hybrid latex of AuNPs@NRL
The absorption spectra of the synthesized hybrid latex of
AuNPs@NRL were recorded by an UV-vis spectrophotometer
(Hitachi, UV3900). Transmission electron microscopy (TEM)
was used to determine the size and shape of the synthesized
AuNPs@NRL hybrid latex. TEM samples were prepared by the
dropwise addition of hybrid latex onto carbon-coated copper
TEM grids. TEM measurements were taken on a JEOL HR-TEM
instrument operated at an accelerating voltage of 100–200 keV.
The selected area electron diﬀ raction (SAED) pattern was
recorded to obtain the crystal structure. Scanning electron
microscopy (SEM) analysis was carried out using a Hitachi
S4800 scanning electron microscope. The X-ray diﬀ raction
(XRD) patterns were recorded using Cu-Ka radiation (k ¼ 0.1540
nm) with a nickel monochromator in the range of 2qfrom 10 to
90. The measurements were operated at a potential of 40 kV
and a current of 40 mA. The scan step was 0.01with a counting
time of 0.1 s per step. X-ray photoelectron spectra (XPS) were
recorded using an X-ray Photoelectron Spectrometer (Kratos
Axis Ultra DLD) with an aluminum (mono) Ka source (1486.6
eV). The aluminum Ka source was operated at 15 kVand 10 mA.
2.7 Analysis of the prepared AuNPs using the ethanol-
coagulated NRL liquid
Fourier transform infrared spectroscopy (FTIR) measurement
was conducted using a PerkinElmer GX-1 FT-spectrometer
(Jobine-Yvon) equipped with a microscope. The samples were
centrifuged three times for 10 min at 10 000 rpm, and then
washed with deionized water under ultrasonic conditions. The
resulting puried suspension was completely freeze dried and
then analyzed by FTIR.
2.8 SERS analysis of the hybrid lm based on AuNPs@NRL
The SERS spectra from exible substrates were acquired using a
BAC100-785Q Raman probe with a BTC112E CCD spectrometer.
The excitation source was a near-infrared diode laser with a
wavelength of l ¼ 785 nm and the laser power was about 117
mW. SERS spectra were collected randomly from various points
across the AuNPs@NRL hybrid lm.
3 Results and discussion
3.1 Characterization of the hybrid latex of AuNPs@NRL
The morphologies of the NRL and the prepared AuNPs@NRL
(0.054% DRC) were determined by TEM. The NRL particles are
spherical in shape (Fig. 1A). Aer treatment, AuNPs were
sparsely located on the surfaces of the natural rubber particles
(Fig. 1B), and individual AuNPs can be clearly identied
(Fig. 1C). Moreover, the dissociated AuNPs can be found in the
serum, indicating that the AuNPs@NRL hybrid latex of
AuNPs@NRL was successfully prepared. Compared to the NRL
(Fig. 1A), the morphology of rubber particles was well main-
tained aer the reaction with HAuCl4 (Fig. 1B). The AuNPs, with
an average size of 35.2 nm, were well dispersed. The selected
area electron diﬀ raction (SAED) pattern (Fig. 1D) showed the
characteristic bright circular ring pattern of face-centered cube,
corresponding to the (111), (200), (220) and (311) planes,28
which indicated that the synthesized AuNPs were highly
crystalline.
UV-vis absorbance spectroscopy is an eﬀ ective means to
determine the formation of AuNPs. The UV-vis absorption
spectra of the AuNPs@NRL (0.054% DRC) displayed a broad
absorption band centered at 556 nm (Fig. 2). This absorption
band can be attributed to the surface plasmon resonance (SPR)
of AuNPs,29 indicating the presence of AuNPs in the hybrid
latex. In addition , AuNPs@NRL (Fig. 2) showed a pink red color
due to the presence of AuNPs compared with the pure NRL of
white color.
The XPS spectrum (Fig. 3A) showed the characteristic peaks
of AuNPs, corresponding to Au(0) 4f7/2 and Au(0) 4f5/2. The
results are in good agreement with the values reported in the
literature for Au(0),30 suggesting that the AuNPs were success-
fully prepared using NRL. XRD analysis was employed to
investigate the crystallographic behavior of the synthesized
AuNPs@NRL. Fig. 3B illustrates a typical diﬀ raction graph of
the hybrid latex with four prominent peaks at 2qvalues of about
38, 44, 64, 78 and 81, assigned to the (111), (200), (220),
(311) and (222) lattice planes, respectively.31 These results
indicated that Au(III) was reduced to Au(0) using NRL via heat-
ing, and well-dispersed AuNPs were successfully fabricated in
the NRL matrix. To calculate the yield of AuNPs in th is reaction
solution , the remaining HAuCl4 was detected using ICP-MS. In
the case of 0.2 mL of NRL, M and M1 were 10.0 mg and 0.464 mg,
respectively. The yield of AuNPs was calculated to be 95.4%,
which revealed that most of the Au salt was reduced and
transformed into AuNPs when the concentration of NRL was 0.2
mL. These results suggest that nearly all the Au salt could be
Fig. 1 (A) and (B) shows TEM images of the NRL and hybrid latex of
AuNPs@NRL, respectively, along with HRTEM image (C) and SAED
pattern (D) of a single Au NP. Inset shows an enlarged view of a single
rubber particle with and without AuNPs in NRL and the hybrid latex.
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reduced when the higher content of NRL (2.0, 1.0 and 0.5 mL)
was used in the present study.
It is well known that the SPR properties of noble m etal NPs
depend on their shape, size, com position and surrounding
environm ent,32 which are closely related to syn thesizing
conditions such as reducing agent, tem perature, pH and
supporting matrix. To explore the inuence of NRL concen-
tration on the size and shape of the syn thesized AuNPs in the
NRL matrix, NRL with diﬀ eren t concen trations was investi-
gated. Fig. S1 (in the ESI†) shows the UV-vis absorbance
spectra of AuNPs@NRL synthesized with various concen tra-
tions of NRL. The SPR band sh ied from 556 nm to 537 nm
when the NRL concentration increased from 0.054% to 0.27%
DRC, suggesting that the particle size decreased with an
increase in NRL concen tration .33 The TEM im ages of the
AuNPs@NRL with three diﬀ eren t concen trations of NRL can
be clearly seen from Fig. S2 (in the ESI†). The average sizes of
AuNPs were m easured using the TEM to be 17.8, 24.5, and 35.2
nm , corresponding to 0.054% DRC, 0.135% DRC and 0.27%
DRC of NRL, respectively. The results indicate that the
concentration of the NRL has a certain impact on the size of
the synthesized AuNPs.
3.2 Identifying the possible molecules responsible for
reducing and stabilizing the synthesized AuNPs
NRL can be separated into three characteristic phases as
previously reported: rubber, serum and bottom fractions.34
Natural rubber particles were covered with a continuous
monolayer of phospholipid–protein membrane, and previous
studies have shown that the proteins played an important role
in the stabilization of noble metal nanoparticles due to their
large complexation constant for noble metalamines.35 It was
also demonstrated that the protein can stabilize the prepared
silver nanoparticles during their synthesis in NRL lm by the
photoinduced method.22 Therefore, the natural rubber particles
can serve as active reducing sites for the nucleation and growth
of the AuNPs due to the existence of proteins on the surface. In
addition, the non-rubber substance contain ing proteins,
carbohydrates, and lipids may act as reducing and capping
agent. To identify the possible molecules present in the NRL
responsible for reducing and capping the prepared AuNPs, the
NRL was coagulated by ethanol, and the coagulated liquid
without rubber particles containing a non-rubber substance
was used to prepare AuNPs.
Fig. 4A shows the TEM images of AuNPs prepared by the
coagulated liquid. There are many uniformly dispersed spher-
ical particles and a small amount of plate-shaped particles. The
largest absorption wavelength located at 535 nm further reveals
the presence of the AuNPs (Fig. 4B). Furthermore, FTIR analyses
were carried out. Two bands at 1648 cm1 and 1536 cm 1 in the
spectra of AuNPs are observed and assigned to the amide I and
II bands of proteins, respectively (Fig. 5),36 which indicates that
the prepared AuNPs are surrounded by the proteins. It is sug-
gested that proteins can bind to silver and gold nanoparticles
either through free amine groups or residues in the proteins.37,38
Therefore, it is possible for the proteins present in NRL and
bound to the particle surface to stabilize AuNPs. Moreover, the
strong broad peak at 3357 cm1 in the coagulated liquid, cor-
responding to the N–H or O–H stretching vibration before and
aer the reaction, demonstrates a clear change. It can be seen
that the peak in the presence of AuNPs was shied to 3307
cm 1, and the peak intensity was clearly reduced. In addition,
the disappearance of the 1063 cm1 peak may be due to the
Fig. 2 UV- vis spectra of the NRL (a) and AuNPs@NRL (b), and the
corresponding optical image.
Fig. 3 (A) XPS spectrum of the AuNPs@NRL hybrid film; (B) XRD patterns of the NRL (a) and the AuNPs@NRL hybrid film (b).
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depletion of the hydroxyl groups, and the band at 1707 cm1
could be ascribed to carbonyl stretching. The results further
indicate that Au3+ ions are reduced with the hydroxyl groups.
The similar reducing eﬀ ect of the hydroxyl groups can be found
while synthesizing gold and silver nanoparticles using diﬀ erent
plants.37,39 Therefore, it can be concluded that the proteins play
an important role in stabilizing the synthesized AuNPs, and the
compounds contain ing the hydroxyl groups present in NRL are
responsible for reducing gold ions (Au3+) to AuNPs (Au0).
3.3 SERS activity of the lm based on AuNPs@NRL
In this study, the exible SERS substrates were fabricated using
the as-prepared hybrid latex of AuNPs@NRL by vacuum ltra-
tion. Fig. 6 displays the SEM images of the lm of NRL and
AuNPs@NRL. As expected, particles cannot be observed on the
surface of the NRL lm. In contrast, numerous spherical
particles and a few nanoplates are located on the surface of the
hybrid lm, which reveals that vacuum ltration is a feasible
method to fabricate a exible hybrid lm. The exible hybrid
lm (0.054% DRC) showed an obvious dark purple color, which
may be due to the SPR of the AuNPs (Fig. 7A), and Fig. S3A (in
the ESI†) displays the optical image of the other hybrid lms. It
can be observed that these lms exhibit diﬀ erent obvious colors
from dark purple to blue, indicating that the exible hybrid lm
with diﬀ erent SPR properties could be prepared by adjusting the
DRC of NRL. Moreover, to investigate the optical features, UV-
vis reectance spectra were obtained (Fig. S3B, in the ESI†). It
can be observed that the hybrid lms showed a single absor-
bance peak between 500 and 700 nm, which was assigned to the
characteristic SPR band of the AuNPs.40
As a common probe molecule, 4-MPY was used to estimate
the SERS activity of the exible lm of AuNPs@NRL (0.054%
DRC), and the SERS measurement was implemented at an
excitation wavelength of 785 nm. The obtained SERS spectra of
4-MPY are consistent with the reported spectra (Fig. 7B); the
Raman bands at 1012 cm1 and 1093 cm 1 are X-sensitive
modes, which are depicted as being strongly coupled between
substitute and aromatic ring modes; those at 1054 cm 1 and
1211 cm 1 are associated with the pyridine ring C–H in-plane
bending mode; and the band at 1572 cm 1 is related to the
pyridine ring C] C stretching mode.41–43 It can be observed that
the Raman peaks of 4-MPY on the NR lm are not obvious.
However, the hybrid lm of AuNPs@NRL shows signicant
Raman peaks of 4-MPY, which demonstrates that Raman
enhancement can be obtained using the hybrid lm as a SERS
substrate. Furthermore, enhancement factor (EF) was calcu-
lated according to the following expression:44,45
EF ¼
ISERS
IRaman

M Raman
M SERS
where ISERS and IRaman are the peak intensities around 1093
cm 1 in the SERS spectra (detected on the hybrid lm of
AuNPs@NRL) and Raman spectra (collected from the bare
NRL), respectively. In this study, ISERS/IRaman was calculated to
Fig. 4 (A) TEM image of AuNPs synthesized using the ethanol- coagulated NRL liquid; (B) UV- vis spectra of the coagulated liquid (a) and the
synthesized AuNPs (b).
Fig. 5 FTIR spectra of the ethanol- coagulated NRL liquid (a) and the
AuNPs prepared using the coagulated liquid (b). Fig. 6 SEM images of NRL (A) and AuNPs@NRL hybrid film (B).
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be around 10.9. MSERS is the concentration of the probe mole-
cule solution in the SERS experiment, and MRaman is the
molecular concentration in the solution applied to the bare
NRL. In this study, MRaman/MSERS was about 2500. The EF of the
exible hybrid lm based on AuNPs@NRL was calculated to be
about 2.73  104.
To investigate the reproducibility of Raman signals of the
AuNPs@NRL exible hybrid lm, the SERS spectra of 4-MPY
molecules with a concentration of 104 M were collected from
ten randomly selected positions on the lm (Fig. 8). The RSD
value for the signal intensities of the major Raman peaks of the
probe were estimated to be approximately 0.1 (Fig. 8) using a
previously reported approach,46 which conrms good repro-
ducibility across the entire area of the optimized hybrid lm of
AuNPs@NRL.
4 Conclusions
In conclusion , the organic–inorganic nanocomposite latex of
NRL-supported AuNPs has been synthesized by thermal treat-
ment without additional reduction, stabilization and dispersion
agents. The protein and the compound containing the hydroxyl
group present in the NRL serum play an important role in the
stabilization and reduction of synthesized AuNPs. The produced
AuNPs are mainly spherical and their sizes, depending on the
concentration, decrease as the NRL concentration increases. The
AuNPs@NRL exible lm notably enhances the SERS signals of
the probe molecule 4-MPY along with good reproducibility. The
hybrid nanocomposites with enhanced SERS activity through
AuNPs will have great potential for applications in exible opto-
electronics, catalysis and portable sensors.
Fig. 7 (A) Optical image of the flexible hybrid film based on AuNPs@NRL; (B) SERSspectra of 4- MPYmolecules (104 M) collected from the NRL
(a) and the AuNPs@NRL hybrid film (b).
Fig. 8 SERS spectra of 4- MPY molecules (104 M) collected on the randomly selected ten places of the flexible AuNPs@NRL hybrid substrate.
Inset plot shows the corresponding RSD values.
This journal is © The Royal Society of Chemistry 2015 RSC Adv., 2015, 5, 49168–49174 | 49173
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